Marine mollusc shell growth has been widely measured using fluorochrome marking. In order to test the efficiency and reliability of calcein staining on Pinctada margaritifera shells and pearls, the present study examined two administration methods, different concentrations and several immersion times. Immersion in a 150 mg L−1 calcein solution for 12 h to 24 h appeared to be the best method for marking P. margaritifera shells. For pearl marking, injection of a 200 mg L−1 calcein solution into the pearl pouch was the optimal method. Calcein marking was then used to measure the influence of food resource levels on the shell growth. Groups of 23-month-old P. margaritifera were fed at three trophic levels for two months. The two highest food levels tested (6000 cell mL−1 and 15 000 cell mL−1) induced uniform growth between the dorsal and ventral sides of shell, whereas the lowest food level (800 cell mL−1) induced greater growth on the dorsal side. Shell deposits from the ventral side were observed using a scanning electron microscope, revealing that the difference of the trophic level over two months had modified the thickness of the aragonite tablets formed. These results showed that the trophic level is a major factor conditioning P. margaritifera development.
INTRODUCTION 37
The black-lip oyster, Pinctada margaritifera cumingi, Linnaeus 1958 (Class: Bivalvia, 38
Order: Pterioida, Family: Pteriidae), is used for the production of black pearls, and ranks 39 among the most important commercial species in French Polynesia (Tisdell and Poirine 40 2000). Annual pearl production has increased from about 100 kg to more than 8 000 kg within 41 the last 20 years, with an annual turnover of about US$ 170 million. This activity represents 42 the second most important industry in French Polynesia after tourism. The main production 43 sites are located in the Tuamotu-Gambier archipelago, where they represent the principal 44 source of income for a quarter of local Polynesian families. 45
French Polynesia has the advantage of possessing natural stocks of these pearl oysters, which 46 produce large numbers of larvae. Pearl oyster spat are commonly collected with lightweight 47 was supplied continuously. Marking success was evaluated two months later. To investigate 118 ventral marking, shells were sawn according to the third section shown in Fig. 1 . 119
Dynamics of shell growth 120
To explore shell growth dynamics, fifteen 40-month-old P. margaritifera pearl oysters 121 (mean shell length: 122 ± 13.8SD mm) shipped from the Takapoto atoll (14°41'S, 145°14 'O, 122 Tuamotu archipelago, French Polynesia) were used. Two marking of pearl oysters were 123 carried out at an interval of two months. The first and the second marking were done in 124 similar conditions by immersion in a 150 mg.L -1 calcein solution in 3-L aquaria during 24h. 125
Between the two marking, the pearl oysters were reared in lagoon. To explore shell growth 126 with respect to anterior, ventral, posterior, dorsal and central parts of the shell, samples were 127 sawn eight times, from the umbo to the growing edge, to obtain nine parallel shell pieces (Fig.  128 1). Anterior and posterior pieces were then sawn three more times, perpendicular to the 129 section axis. Growth of the prismatic and nacreous shell layers was studied by examining 12 130 prismatic points and 35 nacreous points on each shell (Fig. 1) To determine calcein marking success on shell and pearls, calcein was recorded in the 165 prismatic and/or nacreous layers using a binary system (1: mark; 0: no mark). Then, to 166 measure shell and pearl growth, increments deposited between the two calcein marks were 167 measured using an optical micrometer (Fig. 2) . 168 2.7 Shell deposit structure 169 The structure of the shell deposit was observed by scanning electron microscopy (SEM). 170
Pearl oyster shells were sawn at the third section shown in Fig. 1 To evaluate the influence of food resources on P. margaritifera shell growth, 3 221 microalgal diets were tested over two months. Shell deposition on the ventral and dorsal sides 222 was significantly higher for the 15 000 cell.mL -1 diet than for the 6 000 cell.mL -1 one, and 223 significantly higher for the 6 000 cell.mL -1 diet than for the 800 cell.mL -1 one (Fig. 6 ) 224 (F=22.14; df=2; p<0.0001). 225
Differences between ventral and dorsal growth depended on diet (F=10.50; df=1; p<0.0017). 226
For the 800 cell.mL -1 diet, dorsal nacreous increment was significantly higher than ventral 227 nacreous increment (p=0.0001) (Fig. 6) . The dorsal growth rate was about 6.3 ± 3.0SD 228 µm.day -1 whereas ventral growth rate was about 2.6 ± 1.3SD µm.day -1 . In contrast, no 229 significant differences between ventral and dorsal sides were detected at 6000 cell.mL The present study demonstrated that shell increment on the ventral side is greater for higher 233 food level than for lower food level. Following the lowest and highest diets (800 cell.mL -1 234 and 15 000 cell.mL -1 ), shell deposit structure on the ventral side of P. margaritifera pearl 235 oyster was observed by SEM. Observations showed that the food level seemed to act on the 236 aragonite tablet thickness of the shell. Observations showed that during the two months of the 237 experiment, the thickness of the aragonite tablets of the shell reduced with time whatever the 238 food level considered. Aragonite tablets deposited just after calcein staining looked thicker 239 than the later aragonite tablets deposited at the end of the experiment (Fig. 7 a, b, c, d ).
9 differences were observed in the aragonite tablets. In the initial stage of the experiment, the 243 number of aragonite tablets composing a 10 µm section was lower in oysters from the higher 244 food treatment (N=13) than in those from the lower food treatment (N=17) (Fig. 7 b, c) . 245
Indeed, aragonite tablets were thicker in the higher food treatment. At the end of the 246 experiment, the opposite trend was recorded: the number of aragonite tablets in a 10 µm 247 section was higher for the higher food level (N=20 for the lower food level, N=21 for the 248 higher food level) (Fig. 7 a, d) . At the end of the experimental period, therefore, aragonite 249 tablets of the shell in oysters fed at the lower food level were thicker than those in shells of 250 oysters fed at the higher food level. 251 3.5 Pearl growth analyses 252 Pearl growth rate was evaluated at two points after the graft. Pearl growth rate was 253 significantly higher for 4 month-old pearls than for 24-month-old pearls (p=0.0002) (Fig. 8) . Using calcein marking, we followed the growth rate of three parts of the P. margaritifera 279 shell, the peripheral part, the dorsal part and the central part, which were shown to differ. which growth rate declined. In our experiment, food optimum was not reached since no 303 growth rate decline was observed when microalgae concentration rose. These results are in 304 line with Yukihira et al. (1998b) , who detected an optimal food concentration between 10 000 305 cell.mL -1 and 20 000 cell.mL -1 for P. margaritifera. Even though this bivalve is adapted to the 306 oligotrophic lagoon waters of French Polynesian, our results show that P. margaritifera can 307 also adapt itself to higher trophic levels. 308 simultaneously revealing a temporal evolution of mineralization rate and the influence of 310 trophic level on aragonite tablet thickness. Shells of pearl oysters fed the highest food level 311 had thicker aragonite tablets than those of pearl oysters fed the lowest food level. 312
Consequently, there seems to be a higher shell deposition rate in pearl oysters fed at the 313 highest food level due to a combination of thicker aragonite tablets and an increasing shell 314 deposit rate. Gu et al. 2009). Among endogenous parameters known to affect growth, age is presumably 318 the most important. In the present study conducted in Vairao, Tahiti, the pearl growth rate for 319 the 4-month-old pearls over a two month period was 1.44 ± 0.04 µm.day -1 , and the pearl 320 growth rate for 24 month-old pearls was 9.21.10 -2 ± 0.01 µm.day -1 . The pearl growth rate 321 decreased by about 15 times between 4-month-old pearls and 24-month-old pearls. The 322 influence of pearl age on pearl growth has been already studied in P. margaritifera in 323
Takapoto until the 13th month after the grafting process, revealing a growth rate of 3.60 ± 324 Eads, C.B., Layzer, J.B., 2002. How to pick your mussels out of a crowd: using fluorescence 367 to mark 10 month-old oyster freshwater mussels. J. N. 
